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ABSTRACT: Cachaça is a typical Brazilian liquor produced from the distillation of fermented sugarcane
juice mainly by Saccharomyces cerevisiae. Most of the domestic production is artisanal, and producers
usually are not concerned regarding microbiological control of the fermentation. This study aimed to
characterize the contaminant bacterial community of the yeast used in the production of cachaça in an
artisanal still. Four samples were collected, of which one (NA) was used for comparison purposes and
was collected one year earlier. The remaining samples were collected at three different periods: at the
end of the first day of fermentation (NP), after fifteen days (NS), and thirty days after the same yeast
was used (NT). Five hundred and eighty-seven sequences were analyzed from the partial sequencing
of the 16S rDNA gene. Sequence analyses revealed the presence of 170 operational taxonomic units
(OTUs). Of these, only one was shared among three samples and seventeen were shared between two
samples. The remaining 152 OTUs were identified only once in distinct samples indicating that the
contaminant bacterial population is highly dynamic along the fermentation process. Statistical analyses
revealed differences in bacterial composition among samples. Undescribed species in the literature on
yeasts of cachaça were found, such as Weissella cibaria, Leuconostoc citreum, and some species of
Lactobacillus, in addition to some unknown bacteria. The community of bacteria in the fermentation
process is much more complex than it was previously considered. No previous report is known
regarding the use of this technique to determine bacterial contaminants in yeast for the production of
cachaça.
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IDENTIFICAÇÃO DE BACTÉRIAS CONTAMINANTES DE FERMENTO
DE CACHAÇA POR SEQÜENCIAMENTO DO GENE 16S RDNA
RESUMO: A cachaça é uma bebida típica brasileira produzida a partir da destilação do caldo de
cana-de-açúcar fermentado principalmente por Saccharomyces cerevisiae. Grande parte da produção
nacional é artesanal, e não há uma preocupação por parte dos produtores quanto ao controle
microbiológico da fermentação. Este trabalho objetivou caracterizar a comunidade bacteriana
contaminante do fermento utilizado na produção de cachaça em um alambique artesanal. Foram
coletadas quatro amostras, sendo uma (NA) utilizada como efeito comparativo e coletada um ano
anterior às demais. As restantes foram coletadas em três diferentes períodos: ao final do primeiro dia
de fermentação (NP), após quinze dias (NS) e trinta dias após a utilização do mesmo fermento (NT).
Foram analisadas, a partir do seqüenciamento parcial do gene 16S rDNA, 587 seqüências. As análises
das seqüências revelaram a presença de 170 unidades taxonômicas operacionais. Destas, 152 foram
identificadas uma única vez em diferentes amostras, dezessete foram comuns em pelo menos duas
amostras e somente uma foi identificada em três amostras, evidenciando uma grande dinâmica
populacional bacteriana durante o processo fermentativo. Análises estatísticas revelaram
diferenças na composição bacteriana entre as amostras. Foram encontradas espécies ainda não
descritas na literatura em fermentos para a produção de cachaça, como Weissella cibaria,
Leuconostoc citreum e algumas espécies de Lactobacillus, além de bactérias não conhecidas. Os
resultados revelaram que a comunidade de bactérias contaminantes do processo fermentativo é
muito mais complexa do que se conhecida. Não há conhecimento de relato anterior sobre a utilização
desta técnica para determinar contaminantes bacterianos em fermentos de cana-de-açúcar para
produção de cachaça.
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INTRODUCTION
Cachaça is the exclusive designation for the
distilled beverage produced in Brazil from fermented
sugarcane juice (Brasil, 1997). It is the most consumed
distilled beverage in Brazil and the third most consumed
worldwide (PBDAC, 2006). Brazil has about 5 thou-
sand industrial producers and 25 thousand artisanal
producers (AMPAQ, 2006). Total exports of the bev-
erage in 2002 amounted to 14.8 million liters, repre-
senting only 1.13% of the total production (PBDAC,
2006). It is recognized that a better standardization of
its composition is one of the requirements to increase
the export volume of cachaça (Maia, 2002).
In artisanal production, at the end of each fer-
mentation cycle, the sedimented yeast (pé-de-cuba) is
reutilized for a new fermentation without any previ-
ous microbiological control of its content (Morais et
al., 1997; Pataro et al., 1998). This practice results in
the transfer of a large number of contaminant micro-
organisms and their metabolism products into the next
fermentation (Amorim & Oliveira, 1982; Kaji &
Canhos, 1989). Such contamination occurs both re-
garding wild yeasts and bacteria, including a great
variation on its composition found during the entire fer-
mentation process. The population of contaminant
yeasts in cachaça production is well known and has
been studied in detail (Morais et al., 1997; Pataro et
al., 1998, 2000; Schwan et al., 2001). In the case of
bacteria, however, only species able to be grown in
laboratory have been described so far (Gallo, 1989;
Yokoya, 1991; Gallo, 1992; Oliva-Neto & Yokoya,
1994). Therefore, it is presumed that the real contami-
nant bacterial community of cachaça yeast is poorly
understood since many bacteria are non-cultivable.
The partial sequencing of the 16S ribosomal
gene is quite effective and reliable in the identification
of non-cultivable bacteria and characterization at the
species level (Stackebrandt et al., 2002; Hongoh et al.,
2003). Thus, this study aimed to characterize the con-
taminant bacterial community of cachaça yeast in a
small still, using partial sequencing of the 16S gene.




Sedimented yeast samples were collected in a
still in the city of Monte Alegre do Sul - São Paulo
State, Brazil, where the primer yeast is prepared by
adding ground corn to approximately 20 liters of sug-
arcane juice. No control of the microbial identity of
the inoculum is made, and fermentation occurs natu-
rally in an open plastic jar. As fermentation increases,
more sugarcane juice is added daily until the yeast is
ready to support a higher volume of juice to be fer-
mented. This occurs in about ten days, when the
primer yeast is transferred to a stainless steel vat,
whose volume is completed with juice. The fermen-
tations occur at room temperature in open vats, and
every 30 days the must is replaced by a new prepara-
tion. The samples were obtained in three collections
distributed over 30 days, as follows: one sample was
collected in the first day of fermentation (NP), another
15 days later (NS), and the third one after 30 days
using the same yeast (NT). A fourth sample (NA) was
collected one year earlier, in the same still, for com-
parison purposes. This sample was collected 12-16
days after the initial fermentation. Samples compris-
ing of 100 mL of must were taken at the end of each
fermentation day and were kept on a container with
ice for transportation to the laboratory.
DNA extraction and amplification of the 16S rDNA
gene
DNA extraction was adapted from the proto-
col of Hoisington et al. (1994). Samples were trans-
ferred to 1.5 mL microtubes and centrifuged for 5 min-
utes at maximum speed in a bench microcentrifuge.
After discarding the supernatant, 600 mL of CTAB so-
lution were added (0.7 M NaCl, 1% CTAB, 50 mM
Tris pH 8.0, 10 mM EDTA, 0.1% 2-mercaptoethanol).
Samples were incubated at 65ºC for 60 minutes, and
the microtubes were agitated every 10 minutes. Next,
600 mL of a chloroform:isoamyl alcohol solution (CIA)
(24:1) were added, followed by a new centrifugation
for 10 minutes at 13,000 rpm. The supernatant was
transferred to a new microtube and then added of 600
mL CIA, and centrifuged one more time. The removed
supernatant was added of 500 mL ethanol 100%, and
the microtubes were maintained for one hour at -20ºC
to precipitate the DNA. After that period, the
microtubes were centrifuged at 13,000 rpm for 12
minutes, during which DNA precipitation occurred.
The precipitate was rinsed with ethanol 90% for 1
minute and then with absolute ethanol for another
minute. Next, after the DNA was dried and resuspended
in 50 mL sterile water, digestion was conducted at room
temperature for 12 hours with 2 mL of the RNAse en-
zyme (1 mg mL-1) per sample.
The partial amplification of the 16S rDNA was
made by conducting a PCR in a final volume reaction
of 25 mL using 20 ng of DNA; 1 mL of universal prim-
ers 968 forward (5´ AAC GCG AAG AAC CTT AC
3´) and the same quantity of 1401 reverse (5´ CGG
TGT GTA CAA GAC CC 3´) (Nubel et al., 1996), at
an initial concentration of 5 pmol; 2,5 mL of 10X
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ThermalAce buffer (Invitrogen Life Technologies,
Carlsbad, CA); 1 U of ThermalAce DNA polymerase
(Invitrogen Life Technologies, Carlsbad, CA); 0,2 mL
of dNTP (10 mM). The amplification program con-
sisted of 3 minutes denaturation at 94ºC, followed by
25 cycles of 30 seconds at 94oC, 30 seconds at 56oC,
and 1 minute at 72oC. A final 5-minute extension was
performed at 72ºC. PCR products were purified us-
ing the GFX purification kit (Amersham Biosciences,
Piscataway, NJ) according to the manufacturer’s in-
structions.
Cloning and sequencing of the 16S rDNA gene
In order to sequence the PCR products, the
fragments were attached to the pGEM T-Easy Vector
Systems, according to the manufacturer’s instructions
(Promega Corporation, Madison, WI). Recombinant
plasmids were transformed in Escherichia coli DH10a
(Invitrogen Life Technologies, Carlsbad, CA) by
electroporation. Plasmid extraction was performed by
the alkaline lysis method (Sambrook et al., 1989).
The sequence reaction was performed using
approximately 400 ng DNA, 2 mL of Big Dye Termi-
nator kit (Applied Biosystem, Foster City, CA), 1 mL
of primer M13 forward (5´TGT AAA ACG ACG GCC
AGT 3´) (3.2 pmol) and 2 mL of Save Money buffer
(200 mM Tris-HCl pH 9, 5 mM MgCl2). Amplifica-
tion conditions consisted of 25 cycles of 10 seconds
at 96oC, 5 seconds at 50oC, and 4 minutes at 60oC.
Sequencing of plasmid inserts was performed in an ABI
377 sequencing machine (Perkin-Elmer/Applied
Biosystems, Foster City, CA).
Data analysis
Sequence quality was analyzed using the
Phred/Phrap/Consed software (Ewing et al., 1998;
Gordon et al., 2001). Only sequences of 300 bases in
length or longer and with at least 200 bases with a
Phred quality equal to or higher than 20 were used.
Primer sequences were identified and trimmed using
the BioEdit software (http://www.mbio.ncsu.edu/
BioEdit/page2.html).
Sequence identity was preliminary defined us-
ing the BlastN software in order to exclude non-bac-
terial sequences, such as chloroplast. Sequences with
less than 95% similarity to any previously identified
sequence in GenBank were analysed online by the Ri-
bosomal Database Project (RDP) CHIMERA-CHECK
software (Cole et al., 2003). Sequences that appeared
to be chimeric were discarded. Operational taxonomic
units (OTUs) were determined firstly by aligning the
sequences using the CLUSTAL X, version 1.81 soft-
ware (Thompson et al., 1997), with a “gap-opening
penalty” parameter of 10.0 and a “gap-extension pen-
alty” of 0.1. The evolutionary distance matrix was cal-
culated using the DNADIST software of the PHYLIP
software, version 3.63 (Felsenstein, 1995) via the
Jukes-Cantor model using a 3% difference (D = 0.03)
for discriminating OTU via the DOTUR software
(Schloss & Handelsman, 2005).
The taxonomic identification of the OTUs was
made via the Bayesian Sequence Classifier software of
RDP II (Cole et al., 2003), using a confidence limit of
80%. Whenever possible, the OTUs were putatively
identified at the species level by similarity comparisons
regarding sequences of other organisms deposited in
GenBank (http://www.ncbi.nlm.nih.gov) using the
BlastN software (Altschul, et al., 1990). According to
López et al. (2006), the identification of bacteria at the
species level can be inferred if the fragment sequence
shows similarity values above 97%.
Overall and sample estimates of species rich-
ness were calculated by the SPADE software (Chao
& Shen, 2003) using the nonparametric estimators
ACE and Chao 1. Shannon diversity indices, Simpson’s
reciprocal (for identification of dominant OTUs), and
the sampling coverage of the sequenced clones were
also calculated using the SPADE software.
Significant differences in the bacterial compo-
sition among samples were detected by comparison to
their homologous curves with the S-LIBSHUFF soft-
ware (Schloss et al., 2004).
RESULTS
Seven hundred and seven sequences with an
average of 430 bases each were analyzed using the
BlastN software. Of these, 560 were phylogenetically
classified next to cultivated bacteria and 27 as unkown
bacteria. The DNA sequences were deposited in
GenBank and given the accession numbers EU186842
through EU187426. One hundred and twenty sequences
were identified as sugar cane chloroplast and discarded.
The 587 sequences were classified into 170
OTUs via the DOTUR software. Only one of these, iden-
tified as Lactobacillus hilgardii, was shared among three
samples (NA, NS, and NT) and seventeen were shared
between two samples. The remaining 152 OTUs were
considered unique, i.e., they were not detected in more
than one sample. The NS and NT samples shared the
highest number of OTUs (Table 1).
Seven OTUs could not be classified at the phy-
lum level according to the RDP Bayesian Sequence
Classifier and BlastN softwares. The others were clas-
sified into four phyla: Firmicutes, Actinobacteria,
Proteobacteria and Chlamydiae (Table 2). Two bac-
terial classes predominated: Bacilli, with 435 sequences
distributed in 123 OTUs; and Actinobacteria, with 119
sequences in 33 OTUs.
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Estimates of species richness revealed the
following values: 177 OTUs for the NA sample,
76 for NP, 173 for NS, and 129 for NT, with cover-
age percentages of 59%, 89%, 76%, and 85%,
respectively (Table 3). Richness estimates using
the nonparametric methods ACE and Chao 1 indicated
no differences (95% probability confidence
interval) in number of species among samples. Sh-
annon indexes corroborated these results althougth
the NA sample showed a higher diversity index than





NA 1 1 3
NP - 3 2
NS - - 9
Table 1 - Number of common OTUs between samples.
NA: sample for comparison purposes, collected one year before
the others; NP: collection at the end of the first day of
fermentation; NS: collection after fifteen days using the same
yeast; NT: collection at the end of thirty days using the same
yeast.
Table 2 - Number and identity of bacterial contaminant OTUs of yeast for the production of cachaça, identified via the
RDP and GenBank databases.




OTUs % of seq.
Phylum Class Order Family Genus Species
Chlamydiae Chlamydiae Chlamydiales Parachlamydiaceae Parachlamydia Unidentified 2  0.34
Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus brevis 11  8.07
hilgardii 11  19.89
casei 5  5.64
plantarum 5  10.61
acetotolerans 1  0.34
spicheri 1  1.02
Unidentified 65  21.29
Unidentified 2  0.34
Leuconostocaceae Leuconostoc mesenteroides 6  3.75
citreum 4  3.41
Unidentified 4  1.02
Weissella cibaria 1  0.34
Streptococcaceae Lactococcus lactis 1  0.17
Unidentified 2  0.68
Unidentified 2  0.51
Actinobacteria Actinobacteria Actinomycetales Dermabacteraceae Brachybacterium Unidentified 1  0.17
Microbacteriaceae Curtobacterium flaccumfaciens 5  9.71
Unidentified 9  4.73
Leifsonia xyli 6  2.19
Unidentified 6  1.02
Microbacterium Unidentified 1  1.19
Propionibacteriaceae Propionibacterium acidipropionici 1  0.34
Streptomycetaceae Unidentified 1  0.17
Unidentified 2  0.34
Bifidobacteriales Bifidobacteriaceae Bifidobacterium psychroaerophilum 1  0.17
Proteobacteria Alphaproteobacteria Rhodobacterales Rhodobacteraceae Amaricoccus tamworthensis 1  0.17
Unidentified 1  0.17
Betaproteobacteria Burkholderiales Burkholderiaceae Burkholderia Unidentified 1  0.17
Cupriavidus Unidentified 1  0.17
Gammaproteobacteria Enterobacteriales Enterobacteriaceae Buttiauxella izardii 1  0.34
Kluyvera Unidentified 1  0.17
Xanthomonadales Xanthomonadaceae Xanthomonas albilineans 1  0.17
Unidentified 7  1.19
Total 170       100
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Simpson’s reciprocal values were not differ-
ent among samples with regard to the presence of
dominant OTUs in the bacterial communities. All
samples showed quite diversified communities and few
OTUs represented large quantities of sequences.
Statistical analyses using the S-LIBSHUFF
software revealed that all samples differed significantly
from one another (p < 0.05) as compared to their ho-
mologous curves, thus indicating that the bacterial
communities are qualitatively different from one an-
other.
DISCUSSION
Species richness estimates among samples did
not differ in numbers of species. All had high estimates,
averaging 132 species, according to the ACE estima-
tor. However, the results of analyses by the S-
LIBSHUFF software indicated that the samples dif-
fered in their bacterial composition. Such diversity in-
dicates that the contaminant bacterial community is
dynamic, with variations occurring along time in the
same batch. These variations reflect the lack of mi-
crobiological standardization of the process and are
responsible for differences in quality of the final prod-
uct (Amorim & Oliveira, 1982; Kaji & Canhos, 1989;
Gallo, 1989, 1992; Schwan et al., 2001). Based on
these results, the contaminant bacterial community is
much larger, more dynamic, and more complex than
reported in the literature. However, despite the diver-
sity, a small number of unknown bacteria were found
in the samples: approximately 5% of the total. This in-
dicates that vats of fermented sugarcane juice do not
represent a very complex environment compared to
environmental samples, like soil, in which the percent-
age of unknown bacteria could be almost 99% (Staley
& Konopka, 1985).
Among the components of this diversity, the
identification of certain OTUs common to all samples
also indicates that some bacterial species occur fre-
quently, such as  Lactobacillus brevis and L. hilgardii.
This suggests that, although variable, some OTUs are
frequent contaminants of the cachaça yeast. As reported
before, (Althertum et al., 1984; Gallo, 1989; Yokoya,
1991; Gallo, 1992; Oliva-Neto & Yokoya, 1994), the
genus Lactobacillus was predominant, accounting for
approximately 66% of the sequences, of which 32%
could not be identified at the species level. Thus, the
potential presence of new Lactobacillus species in the
sample can be inferred, since their identification at the
species level in the databases could not be done. Two
species of this genus (Lactobacillus acetotolerans and
L. hilgardii) were detected that have not yet been de-
scribed in sugarcane yeasts. In addition to being com-
mon in sugar-rich, fermentation-favorable environ-
ments, the genus Lactobacillus characteristically can
become adapted to the medium, and some species are
more resistant to the alcohol that is present toward the
end of fermentation (Gold et al., 1992), which explains
their higher quantities and species diversity identified
in the samples as compared to other genera.
Among the bacteria, the genera Leuconostoc
and Lactobacillus were important, as they were found
in all samples in large numbers with a great diversity
of species. Species of Leuconostoc mesenteroides, Lac-
tobacillus plantarum, and L. brevis were described in
the literature as contaminants of cachaça fermentation
vats (Oliva-Neto & Yokoya, 1994; Schwan et al.,
2001).
However, the great majority of bacteria present
in the samples had not been described in this environ-
ment, but associated with the fermentation of other
fermented alcoholic beverages and foods, such as L.
acetotolerans, identified in silages (Cai et al., 1999),
cheese (Baruzzi et al., 2000) and in pulque, a Mexi-
can alcoholic beverage (Escalante et al., 2004); L.
hilgardii, in pulque (Escalante et al., 2004), cheese
(Baruzzi et al., 2000), and wine (Rodas et al., 2005);
Richness estimate of OTUs Diversity indices
Sample NC NU ACE Chao 1 Shannon 1/D ECA
NA  81  43 177 (98; 368) 179 (88; 456) 3,340 (3,122; 3,558) 17.49 (30.21; 12.31) 0.593
NP  177  38 76 (54; 132) 67 (47; 125) 2,658 (2,449; 2,867) 6.82 (13.34; 4.58) 0.887
NS  159  57 173 (109; 313) 129 (87; 230) 3,055 (2,804; 3,305) 7.63 (16.42; 4.97) 0.761
NT  170  38 129 (72; 277) 194 (77; 672) 2,723 (2,534; 2,913) 9.00 (16.24; 6.22) 0.853
All  587  170 519 (391; 720) 453 (333; 660) 4,107 (3,984; 4,230) 25.95 (37.33; 19.88) 0.806
Table 3 - Richness estimates of OTUs identified in the four samples and corresponding diversity indexes and coverage
percentages.
NA: sample for comparison purposes, collected one year before the others; NP: collection at the end of the first day of fermentation; NS:
collection after fifteen days using the same yeast; NT: collection at the end of thirty days using the same yeast. NC: number of clones
per sample; NU: number of OTUs identified by the DOTUR software. ECA: coverage estimate in the sample. Shannon: maximum
similarity estimator. 1/D: Simpson’s maximum similarity estimator, reciprocal of the index. Values between parentheses represent the
interval at 95% confidence.
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Leuconostoc citreum, identified in kimchi, a food pre-
pared from fermented cabbage (Choi et al., 2003),
shochu, a Japanese distilled beverage (Endo & Okada,
2005) and in fermented milks in South Africa (Beukes
et al., 2001); and Weissella cibaria, isolated from sug-
arcane and fermented foods typical of Malaysia
(Bjorkroth et al., 2002). The bacterial communities
present in these fermentative processes are very simi-
lar, regardless of the raw material used, and are char-
acterized by the presence of lactic acid species, espe-
cially in the genera Lactobacillus, Leuconostoc,
Weissella and Lactococcus. Many species in these gen-
era characteristically are resistant to low pH values and
to high alcohol concentrations (Huhtamella et al.,
2007), which explains their presence and wide distri-
bution in different fermentative processes, both alco-
holic and lactic.
Skinner & Leathers (2004), in a similar study
on the identification of contaminant bacteria in fer-
mented corn vats for alcohol production, found a bac-
terial population similar to our study, which shared nine
species and six common genera and a community that,
again, predominantly consisted of Lactobacillus. Simi-
lar results were also observed in other alcoholic fer-
mentation samples, such as pulque (Escalante et al.,
2004), shochu (Endo & Okada, 2005), and whisky
(Beek & Priest, 2003). These results reveal that there
is a pattern of species that participate in alcoholic fer-
mentation in several processes.
The identity analyses of sequences with the
BlastN software revealed that lactic acid bacteria were
present in abundant quantities and diversity. These bac-
teria ferment glucose and produce lactic acid as their
main metabolic product (Liu, 2003), thus reducing al-
coholic fermentation yield. The microbial community
present during fermentation is also responsible for the
production of secondary compounds, such as alcohols,
aldehydes, organic acids, and esters. These com-
pounds, at balanced quantities, are responsible for the
development of flavor and aroma (bouquet)
(Packowski, 1978). Lactic acid heterofermentative bac-
teria, such as Lactobacillus acetotolerans, L. hilgardii,
L. brevis and Leuconostoc mesenteroides (Stiles &
Holzapfel, 1997) may produce CO2, ethanol, manni-
tol, acetic acid, and small quantities of acetaldehydes,
in addition to lactic acid, which, much probably, con-
tribute toward the final chemical composition of the
beverage (Escalante et al., 2004).
Species of Lactobacillus, Leuconostoc, and
Propionibacterium contribute to the formation of the
cachaça bouquet; however, in large amounts they are
considered detrimental (Schwan et al., 2001). In a
study about the influence of lactic acid bacteria on fer-
mentation for the production of whisky, Geddes &
Riffkin (1989) observed that the presence of Lacto-
bacillus during fermentation is also essential for the
development of a bouquet in this beverage. Qualita-
tively, the aroma components of cachaça are the same
found in other fermented and distilled beverages. In
many respects, fermentation is more determinative than
the raw material in the formation of a liquor’s second-
ary components (Maia, 1994). In such cases, the pres-
ence of bacteria during fermentation in balanced quan-
tities could not be considered a contaminant element,
but rather an essential component of the final quality
of the beverage. However, not much information is
available with regard to the composition and concen-
tration of these microorganisms for cachaça produc-
tion. Therefore, a greater diversity of studies in this
area is suggested for a better understanding of the re-
lation between microorganisms involved in the fermen-
tation process and the final chemical quality of the bev-
erage produced.
The use of this molecular technique to iden-
tify bacteria present in cachaça yeast revealed a com-
munity composition much more diverse than previously
described, thus broadening our knowledge about mi-
croorganisms that take part in fermentation. This
study indicates that further studies targeted at under-
standing the contribution of these microorganisms to
the fermentation process of cachaça must be consid-
ered. In addition, knowledge about the role played by
these microorganisms will help to preserve the artisanal
and valued method of preparation of this product.
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